Functional-Spatial Sustainability Potentials of Integrated Infrastructure Planning  by Heeres, Niels et al.
 Procedia - Social and Behavioral Sciences  48 ( 2012 )  2533 – 2544 

















VHHQ DV D FRQFUHWH UHIOHFWLRQ RI RIWHQ DEVWUDFW VXVWDLQDELOLW\ SULQFLSOHV 7UDGLWLRQDO EDUULHUV EHWZHHQ VSDWLDO SROLF\
VHFWRUV µVLORV¶KDYH WREHRYHUFRPH LQRUGHU WRRSWLPL]H WKLV V\QHUJ\ZKLOH WUDGLWLRQDODGPLQLVWUDWLYHERXQGDULHV
RIWHQ KDPSHU WKH GHILQLWLRQ RI RSWLPDO SURMHFW DUHDV QHHGHG IRU FRQWH[WVSHFLILF LQIUDVWUXFWXUH GHYHORSPHQW 7KLV
SDSHU DLPV WR DQDO\VH WKH EURDGHQLQJ RI WKHVH VFRSHV IURP D WKHRUHWLFDO DQG HPSLULFDO SHUVSHFWLYH ,Q RUGHU WR
H[DPLQH WKH UHODWLRQVKLS EHWZHHQ SODQQLQJ VFRSHV DQG VXVWDLQDELOLW\ RI RXWFRPHV ZH SURSRVH DQ DQDO\WLFDO
IUDPHZRUNEDVHGRQDUHYLHZRIVFLHQWLILFOLWHUDWXUHDQGSROLF\GRFXPHQWV$IWHUWKLVZHH[SORUHWKHSRVLWLRQRIWKHVH
FRQFHSWVZLWKLQ'XWFKURDGLQIUDVWUXFWXUHSODQQLQJDQGEXLOGRQWKHH[SHULHQFHVJDLQHGWKURXJKRXULQYROYHPHQWLQ
WKH GHYHORSPHQW RI D SODQQLQJ LQVWUXPHQW IRU VXVWDLQDEOH LQWHJUDWHG GHYHORSPHQWV 7KH LQVLJKWV DUH XVHG WR GUDZ
FRQFOXVLRQV DERXW WKH UHODWLRQVKLS EHWZHHQ WKH IXQFWLRQDO DQG VSDWLDO VFRSH RI LQIUDVWUXFWXUH SURMHFWV DQG WKHLU
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,QWURGXFWLRQ
,QWHJUDWLRQRIURDGLQIUDVWUXFWXUHDQGRWKHUODQGXVHIXQFWLRQVLVLQFUHDVLQJO\SURPRWHGDVDVXVWDLQDEOH
DOWHUQDWLYH WR WUDGLWLRQDO VHFWRU SODQQLQJ DSSURDFKHV ,QWHJUDWLRQ DWWHPSWV HJ 7UDQVLW 2ULHQWHG
'HYHORSPHQWRIWHQHPSKDVL]HLQIOXHQFLQJWUDYHOEHKDYLRXUPRGHFKRLFHRUUHGXFLQJPRELOLW\GHPDQGV




DQHIIHFWLYHPDQQHU%HUNH*XQGHU7KHVH W\SHVRI LQIUDVWUXFWXUHODQGXVH LQWHJUDWLRQ± LQ
WKH1HWKHUODQGVRIWHQUHIHUUHGWRDVµDUHDRULHQWHGSODQQLQJ¶DQGPHQWLRQHGDVµSODFHEDVHGSROLF\¶E\WKH
2(&'±DLPWRLQFRUSRUDWHWKHQHHGVGHPDQGVDQGRSSRUWXQLWLHVRIIHUHGE\VXUURXQGLQJDUHDVRU
µSODFHV¶ LQWR URDG LQIUDVWUXFWXUH SODQQLQJ LQ RUGHU WR VROYH FRPSOH[ WUDQVSRUW LVVXHV E\ VHDUFKLQJ IRU
VROXWLRQVZLWKLQ WKHEURDGHU VSDWLDO V\VWHP$WWHQWLRQ WR µSODFHV¶ ± DV QRGHV LQPXOWLSOH QHWZRUNV± LQ
LQIUDVWUXFWXUH SODQQLQJ FDUULHV ZLWK LW D UHODWLRQDO SODQQLQJ DSSURDFK FKDOOHQJLQJ WKH WUDGLWLRQDO
RULHQWDWLRQRIJRYHUQPHQWRQVLQJOHSODQQLQJVHFWRUVµVLORV¶+HDOH\+HDOH\,WDSSHDUVWKDW
WKH UHDVRQV IRU HQJDJLQJ LQ VXFK DSSURDFKHV LQ SODQQLQJ SUDFWLFH DUH ILUVW RI DOO WR RYHUFRPH SURFHVV
UHODWHGFRPSOH[LW\FDXVHGE\DKLJKO\G\QDPLFFRQWH[W+HHUHV7LOOHPD	$UWV+RZHYHUVLQFH






SODQQLQJ IRU IXUWKHU ODQG XVHV IURP D IXQFWLRQDO DQG D VSDWLDO SHUVSHFWLYH :H SURSRVH D WKHRUHWLFDO
IUDPHZRUN IRU WKHH[SORUDWLRQRI UHFHQWGHYHORSPHQWV UHJDUGLQJ WKHVHSODQQLQJ VFRSHV2XU WKHRUHWLFDO
SHUVSHFWLYH LV EDVHG RQ D FRQFHSWXDO WKRXJKWV DERXW V\QHUJHWLF HIIHFWV WKDW PD\ HPHUJH IURP WKH
LQWHQVLILHG FRPELQDWLRQ RU FRRUGLQDWLRQ RI GLIIHUHQW ODQG XVH W\SHV DQG E FRQFHSWXDO LGHDV RQ
RSWLPL]DWLRQRIDUHDDQGVFRSHGHILQLWLRQDJDLQVWFRQWHPSRUDU\SROLWLFDO DQGVRFLHWDOGHYHORSPHQWV ,Q
VHFWLRQ  ZH WDNH DQ HPSLULFDO IRFXV RQ WKH LQWHJUDWLRQ RI URDG LQIUDVWUXFWXUH DQG ODQG XVH IXQFWLRQV
7KHUHIRUHZHH[SORUHWKHLQWURGXFWLRQDQGILUVWDSSOLFDWLRQRIDSUDFWLFDOLQVWUXPHQWIRUWKHSURPRWLRQRI
VXVWDLQDEOHLQWHJUDWLRQLQURDGLQIUDVWUXFWXUHSODQQLQJ+HUHZHPDNHXVHRISUDFWLFDOH[SHULHQFHVJDLQHG
WKURXJK WKH SDUWLFLSDWLRQ  RI WKH DXWKRUV LQ WKHVH SUDFWLFDO LQLWLDWLYHV DV D VWUDWHJLF DGYLVRU DQG
SDUWLFLSDWLQJREVHUYDQWLQWKHHVWDEOLVKPHQWRIWKHVHLQLWLDWLYHVIRUVSHFLILFFRQVLGHUDWLRQVRQSDUWLFLSDQW
REVHUYDWLRQ VHH +HQQLQN +XWWHU 	 %DLOH\  7KH DSSOLFDWLRQ RI WKH LQVWUXPHQWV LV LOOXVWUDWHG E\




7KH SDUDGLJP FKDQJH LQ 'XWFK LQIUDVWUXFWXUH SODQQLQJ ± IURP WUDGLWLRQDO DSSURDFKHV EDVHG RQ
LQVWUXPHQWDO UDWLRQDOLW\ WRZDUGV PRUH LQWHJUDWLRQ RI URDG LQIUDVWUXFWXUH SODQQLQJ DQG RWKHU ODQG XVH
IXQFWLRQV3ULHPXV±FDQEHREVHUYHGLQGLIIHUHQWPDQQHUV$VSHFLILFZD\WRDQDO\VHWKHVHFKDQJHV
LV WKH SROLF\ DUUDQJHPHQWV DSSURDFK ZKLFK GLVWLQJXLVKHV EHWZHHQ D VXEVWDQWLDO SHUVSHFWLYH DQG DQ
RUJDQL]DWLRQDOSHUVSHFWLYHRQSROLF\DUUDQJHPHQWV$UWV/HUR\	YDQ7DWHQKRYH7DWHQKRYH$UWV
	 /HUR\  $UWV 7DWHQKRYH  7KLV DSSURDFK DOORZV IRU DQDO\VLV RI WKH LQWHUDFWLRQ EHWZHHQ
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VXEVWDQFH DQG RUJDQL]DWLRQ RI SROLF\ DUUDQJHPHQWV DV ZHOO XQGHUVWDQGLQJ WKH GHYHORSPHQW RI SROLF\
DUUDQJHPHQWV)URPDQRUJDQLVDWLRQDOSHUVSHFWLYHLWVIRFXVLVRQSROLF\FRDOLWLRQVSRZHUDQGUHVRXUFHV
DQG WKH UXOHVRI WKHJDPH&RQVLGHULQJ WKHFXUUHQWGHYHORSPHQWV LQ'XWFK URDG LQIUDVWUXFWXUHSODQQLQJ
IURP WKLV RUJDQL]DWLRQDO SHUVSHFWLYH QHZ GHPDQGV IRU LQWHUDFWRU FROODERUDWLRQ EHFRPH FOHDU +HDOH\
7HLVPDQ.OLMQ  ,Q OLQH ZLWK JHQHUDO WUHQGV LQ SODQQLQJ DZD\ IURP FHQWUDO DQG WRSGRZQ
JRYHUQPHQWDPRYHPHQWWRZDUGVQHWZRUNJRYHUQDQFH1RRWHERRP7RUILQJLVLQFUHDVLQJO\
UHOHYDQW LQ URDG LQIUDVWUXFWXUH SODQQLQJ  )XUWKHUPRUH LQ RUGHU WR DFFRPPRGDWH HIILFLHQWO\ IRU VXFK D
FKDQJHWKHFXUUHQWVHWRISODQQLQJLQVWUXPHQWVDQGSURFHGXUHV±WKDWSURYLGHLQFHQWLYHVPDQDJHFRQIOLFWV
DQGFRRSHUDWLRQDQGUHGXFHXQFHUWDLQW\LQSODQQLQJ(GTXLVW±PD\UHTXLUHPRGLILFDWLRQ+RZHYHU
LQ WKLV SDSHUZH DSSURDFK WKH FKDQJHVSULPDULO\ IURPD VXEVWDQWLDO SHUVSHFWLYH GHDOLQJZLWK ³WKHZD\






ODQGXVH LQ WKH1HWKHUODQGVKDVEHHQD VHFWRUDODIIDLUZLWK LQGLYLGXDOSROLF\ VHFWRUVGHILQLQJ WKHLURZQ
VHFWRUDO VSDWLDO SROLF\ LQFOXGLQJ VHFWRUDO SURFHGXUHV LQVWUXPHQWV DQG IXQGLQJ +RZHYHU ZLWKLQ WKH
FRPSOH[FRQWH[WRISODQQLQJLQWKH1HWKHUODQGVZRUNLQJLQSROLF\µVLORV¶OHDGVWRLQWHUVHFWRUDOFRQIOLFWV
DQGRYHUUXQV LQFRVWVDQG WLPH ,QWHJUDWLRQRIGLIIHUHQW IXQFWLRQV LQSROLF\DQGFRPSUHKHQVLYHSODQV LV
H[SHFWHGWRRYHUFRPHWKHVHSUREOHPVWKURXJKWKHGLIIHUHQWV\QHUJHWLFEHQHILWVLWKDVWRRIIHU7KHFRQFHSW
RI V\QHUJ\ UHODWHV WR WKH LGHD WKDW WKH FRRUGLQDWLRQ RI DFWLYLWLHV FUHDWHV DGGLWLRQDO ± ILQDQFLDO RU QRQ
ILQDQFLDO ± YDOXH IRU WKH LQGLYLGXDO DFWLYLWLHV DQG D KLJKHU RYHUDOO RXWFRPH WKDW ZRXOG QRW KDYH EHHQ
FUHDWHGZLWKRXWFRRUGLQDWLRQ6\QHUJ\FDQEHXQGHUVWRRGDVWKHHIIHFWRIFROODERUDWLRQOHDGLQJWR³DGGHG







ODQG XVH WKLV LPSOLHV DOORZLQJ IRU VLPXOWDQHRXV HPHUJHQFH RI GLIIHUHQW ODQG XVH IXQFWLRQV LQ
FRPSUHKHQVLYHGHYHORSPHQWV







FDQEHPDGHRQ WKHSXUSRVHVRI WKHSULQFLSOHV7KH ILUVW WZRSULQFLSOHVPD\ FUHDWH DGGLWLRQDO YDOXH WR
DFWRUVLQYROYHGLQSODQQLQJSURFHVVHVWKHRXWFRPHVRIWKHSODQQLQJSURFHVVPD\KDYHDKLJKHUYDOXHWR
DFWRUV LQYROYHG GXH WR HQKDQFHG FRRUGLQDWLRQ RI WKH VSHFLILF IXQFWLRQV LQYROYHG7KH WKLUG SULQFLSOH LV
SULPDULO\DLPHGDWVDYLQJFRVWVIRUWKHDFWRUVLQYROYHG,GHDOO\DFKLHYHGDGGLWLRQDOILQDQFLDOYDOXHV³
            ǳ ȋʹͲͲ͹ǡ
ǡ 	 ʹͲͲʹȌǤ 6RFLHWDO IXQFWLRQV WKDW DUH FRQVLGHUHG VXLWDEOH IRU LQWHJUDWLRQ ZLWK URDG
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LQIUDVWUXFWXUH REMHFWLYHV DUH IRU H[DPSOH KRXVLQJ EXVLQHVV HQHUJ\ SXEOLF WUDQVSRUW ZDWHU QDWXUH
UHFUHDWLRQDQGDJULFXOWXUH
5HJDUGLQJ WKH VSDWLDO VFRSH RI LQIUDVWUXFWXUH GHYHORSPHQWV FKDQJHV FDQ DOVR EH REVHUYHG:LWKLQ D
UHJXODWLRQJXLGHG DQG HQJLQHHULQJRULHQWHG SODQQLQJ V\VWHP SODQQLQJ RI URDGV WUDGLWLRQDOO\ WRRN SODFH
ZLWKLQ QDUURZ FRUULGRUV UHTXLULQJ FRPSHQVDWLRQ DQG PLWLJDWLRQ PHDVXUHV WR DOORZ GHYHORSPHQWV WR
SURFHHG 7KH GHILQLWLRQ RI SODQQLQJ DUHDV RI FRQWHPSRUDU\ LQWHJUDWHG LQIUDVWUXFWXUH DQG VSDWLDO
GHYHORSPHQW LVVXHV LQFUHDVLQJO\ FRQIOLFWV ZLWK WUDGLWLRQDO DGPLQLVWUDWLYH ERUGHUV %HUWROLQL  $
QDUURZ VFRSH PD\ QRW RQO\ DGG WR WKH FRPSOH[LW\ RI WKH SODQQLQJ SURFHVV LW DOVR LPSOLHV WKDW
RSSRUWXQLWLHV IRU PDNLQJ URDG LQIUDVWUXFWXUH GHYHORSPHQW PRUH VXVWDLQDEOH IURP WKH SHUVSHFWLYH RI
KROLVWLFGHYHORSPHQWFRYHULQJHQYLURQPHQWDOHFRQRPLFDQGVRFLDODVSHFWVDUHPLVVHG$OOPHQGLQJHUHW
DOKDYHDUJXHGIRUDPRUHIOH[LEOHVSDWLDOGHYHORSPHQWSHUVSHFWLYHWKDWDOORZVIRUGHYHORSPHQWVWRWDNH
DFFRXQW RI WKHVH µVRIW VSDFHV¶ DQG µIX]]\ ERXQGDULHV¶ FDXVHG E\ WKH GHPDQGV RI RXU KLJKO\ G\QDPLF
VRFLHW\ 7HZGZU-RQHV $OOPHQGLQJHU  +DXJKWRQ $OOPHQGLQJHU 	 9LJDU  7KLV IOH[LELOLW\
DOORZVIRUWKHDELOLW\WRPDNHSROLF\DQGSODQVLQWHUDFWLQJEHWZHHQGLIIHUHQWSROLWLFDODQGDGPLQLVWUDWLYH
OHYHOV PXOWLOHYHO JRYHUQDQFH %HUWROLQL  +RRJKH 0DUNV  6DOHW 7KRUQOH\  ,Q
LQIUDVWUXFWXUHSODQQLQJSUDFWLFHDSSURDFKLQJSODQQLQJLVVXHVLQDQDUHDRULHQWHGPDQQHUOLQNVLQZLWKWKLV
DVLWLPSOLHVJLYLQJUHJDUGWRWKHHPEHGGLQJRIDQLQIUDVWUXFWXUDOLVVXHVLQGLIIXVHUHODWLRQDOV\VWHPVVXFK
WKH ORFDO FRQWH[W RI SODFH DQG WKH ZLGHU FRQWH[W RI WKH URDG QHWZRUN )XUWKHUPRUH LW DOORZV IRU ORFDO








H[SDQVLRQRI WKH IXQFWLRQDODQGVSDWLDO VFRSH±DUHSURPLVLQJ LQ WKH VHQVH WKDW WKH\ VHHP WR OLQNXS WR
FRQWHPSRUDU\ KROLVWLF SHUVSHFWLYHV RQ VXVWDLQDELOLW\ VXFK DV WKH 7ULSOH %RWWRP /LQH 9DULRXV DXWKRUV
FRQVLGHU VXFK KROLVWLF YLVLRQV RQ VXVWDLQDELOLW\ D FUXFLDO IDFWRU LQ WKH FKDOOHQJLQJ IXQGDPHQWDO
WUDQVIRUPDWLRQ WRZDUGVD VXVWDLQDEOH VSDWLDOSODQQLQJSUDFWLFH DQGDYRLGLQJ WKHXVHRI WKHFRQFHSWDVD
IX]]\ ³FDWFKDOO WHUP´ ZLWKRXW DQ\ RSHUDWLRQDOPHULW *XQGHU +HDOH\ +RZHYHU DV 7ULSOH
%RWWRP /LQH ZDV PHUHO\ LQWHQGHG DV D ZD\ RI WKLQNLQJ RU D SKLORVRSK\ 9DQFOD\  IXUWKHU
RSHUDWLRQDOL]DWLRQ RI WKLV LQWHUSUHWDWLRQ RI VXVWDLQDELOLW\ LQWR FRQFUHWH LQWHUSUHWDWLRQV LV UHTXLUHG 7KH
HVWDEOLVKPHQW RI DUHDRULHQWHG SODQQLQJ DSSURDFKHV LQ WKH 1HWKHUODQGV FDQ EH UHJDUGHG DV VXFK DQ
DWWHPSW
,Q RUGHU WR RSWLPL]H WKH HIIHFWV RI LQIUDVWUXFWXUHODQG XVH LQWHJUDWLRQ WKH IRFXV RI WKH LQWHJUDWHG
SODQQLQJSURFHVVHVLVILUVWRIDOORQWKHHDUO\VWDJHV6DPVHW:LOOLDPV6DPVHW	6XQQHYnJUHIHUV
WR WKHVH VWDJHV DV IURQWHQG JRYHUQDQFH LQ SURMHFWV ZKHQ GHJUHHV RI IUHHGRP DUH ODUJH DQG DOORZ IRU
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VWUDWHJLF DQG FRQFHSWXDO FKRLFHV WR EHPDGH 7KH IURQWHQG SKDVH ± EHWZHHQ LQLWLDO LGHD DQG WKH ILQDO
GHFLVLRQWRILQDQFHWKHSURMHFW±DOORZVIRUFRQFHSWXDOWKLQNLQJLQZKLFK³WKHIRFXVLVRQHFRQRPLFDQG
VRFLDODVSHFWV UDWKHU WKDQ WHFKQLFDODVSHFWV´DQGZKHUH ³WKHDQWLFLSDWHGHIIHFWVRIDSHUFHLYHGSURMHFW´
FDQEHOHDGLQJ³UDWKHUWKDQWKHSUHVHQWXQGHVLUHGVLWXDWLRQ´:LOOLDPV6DPVHW
3ODQQLQJSUDFWLFHWRROVDQGSURMHFWV
,Q WKH 1HWKHUODQGV WKH UHVSRQVLELOLW\ IRU WUDQVSRUW SROLF\ DQG SODQQLQJ RI PDLQ URDGV LV ZLWK WKH
0LQLVWU\RI,QIUDVWUXFWXUHDQGWKH(QYLURQPHQWZKRKDVGHOHJDWHGWKHRSHUDWLRQDOWDVNVWRLWVH[HFXWLYH
DJHQF\WKH'HSDUWPHQWRI7UDQVSRUW3XEOLF:RUNVDQG:DWHU0DQDJHPHQW5LMNVZDWHUVWDDW,QRUGHUWR
RSHUDWLRQDOL]H WKH HDUOLHU GHVFULEHG WUDQVIRUPDWLRQ WRZDUGV D VXVWDLQDEOH URDG LQIUDVWUXFWXUH SODQQLQJ
SUDFWLFH 5LMNVZDWHUVWDDW ZKR LV UHVSRQVLEOH IRU SODQQLQJ DQG UHDOL]DWLRQ RI ERWK URDG DQG ZDWHU
LQIUDVWUXFWXUHKDVLGHQWLILHGVXVWDLQDEOHDUHDGHYHORSPHQWVXUURXQGLQJLWVURDGLQIUDVWUXFWXUHQHWZRUNDV
RQH RI WKH FRUH WKHPHV LQ LWV VXVWDLQDELOLW\ VWUDWHJ\ )RU WKLV SXUSRVH VHYHUDO GHYHORSPHQWV DUH WDNLQJ
SODFHZLWKLQ5LMNVZDWHUVWDDW 7KH IROORZLQJ VHFWLRQV XVH WKH HVWDEOLVKPHQW RI D VSHFLILF LQVWUXPHQW IRU
VXVWDLQDEOHDUHDGHYHORSPHQWLQWZRZD\VIRULOOXVWUDWLRQDQGDQDO\VLVRIWKHVHGHYHORSPHQWV,QVHFWLRQ








LQWR WKH SRWHQWLDOV IRU VXVWDLQDEOH DUHD GHYHORSPHQWV DURXQG URDG LQIUDVWUXFWXUH LVVXHV 7KHUHIRUH WKH
LQVWUXPHQW H[SOLFLWO\ FRQVLGHUV D ZKDW SRWHQWLDO IRU LQIUDVWUXFWXUHODQG XVH LQWHJUDWLRQ H[LVW DQG PD\
OHDG WR WKH FUHDWLRQ RI DGGLWLRQDO YDOXH E ZKLFK DFWRUV ZRXOG EH LQYROYHG LQ WKHVH SURFHVVHV RI
LQWHJUDWLRQ DQG F ZKDW WKH UROH RI 5LMNVZDWHUVWDDW ZRXOG EH WR DOORZ IRU VXFK LQWHJUDWLRQ )RU WKLV
SXUSRVH WKH LQVWUXPHQW FRQVLVWV RI WZR PDLQ HOHPHQWV ILUVWO\ D WRRO WKDW YLVXDOL]HV VSDWLDOIXQFWLRQDO
HIIHFWV DQG SRWHQWLDOV IRU V\QHUJ\ LQ VXVWDLQDEOH DUHD GHYHORSPHQWV DQG VHFRQGO\ D OLQNDJH EHWZHHQ
SURMHFWRUJDQL]DWLRQDQG WKH UHOHYDQW VWDNHKROGHUHQYLURQPHQWRI WKH LQWHJUDWHGSURMHFW5HODWLQJ WR WKH
DLPRI WKLVSDSHURXUSULPDU\ IRFXV LV ILVWRIDOORQ WKH ILUVW HOHPHQW7KH2PJHYLQJVZLM]HUZRUNVE\
FRPSDULQJ GLIIHUHQW SURMHFW GHYHORSPHQW DOWHUQDWLYHV RQ  GLIIHUHQW LQGLFDWRUV RI VXVWDLQDELOLW\ 7KH
PDLQ SXUSRVH LV QRW WR SURYLGH TXDQWLWDWLYH LQVLJKWV EXW UDWKHU WR VWDUW D GLVFXVVLRQ RQ WKH SRWHQWLDO
LQIUDVWUXFWXUHODQGXVHLQWHJUDWLRQ7KHUHIRUHWKHLQGLFDWRUVUHSUHVHQWDEURDGSHUVSHFWLYHRQVXVWDLQDEOH
GHYHORSPHQW WKDW RULJLQDWH IURP WKH WKUHH SLOODUV RI WKH WULSOH ERWWRP OLQH )XUWKHUPRUH E\ FRPSDULQJ
HDUO\VWUDWHJLFSULQFLSOHVDQGDLPVZLWKFRQFUHWHGHYHORSPHQWSURSRVDOVWKHLQVWUXPHQWVDOVRDOORZVIRUD
FRQVLVWHQF\ FKHFN RQ SURMHFWV DV WKH\ SURJUHVV WRZDUGV HVWDEOLVKPHQW RI ILQDO SURSRVDOV ,Q SUDFWLFH




UHVHPEOH RWKHU UHFHQW LQLWLDWLYHV UHJDUGLQJ WKH DVVHVVPHQW RI VXVWDLQDELOLW\ HIIHFWV 7KH XVH RI DZKHHO
ILJXUH  DOORZV IRU DQ DFFHVVLEOH DQG FRPSUHKHQVLYH RYHUYLHZ RI VXVWDLQDELOLW\ HIIHFWV DQG SURYLGHV









WKDW WKHUH DUHSRVVLEOHQHJDWLYH LQIOXHQFHV6FRUHV DUH DFFXPXODWLRQVRI SRWHQWLDO SRVLWLYH DQGQHJDWLYH
LQIOXHQFHV LGHQWLILHG WKURXJK WKH LQWHUYLHZTXHVWLRQVRQFHUWDLQ WKHPHV7RSUHYHQW ORVVRI QXDQFH WKH
ZKHHODOORZVIRUVKRZLQJSRVLWLYHDQGQHJDWLYHLQIOXHQFHVVLPXOWDQHRXVO\RQHLWKHUVLGHRIWKH]HUROLQH
7KHVFRUHVLQWKHZKHHOVLQGLFDWHZKLFKWKHPHVDUHVWURQJSRLQWDQGIRUZKDWWKHPHVDGYDQFHPHQWVFDQ
VWLOO EH DFKLHYHG 6FRUHV DUH QRW LQWHQGHG IRU LQWHUSUHWDWLRQ LQ DEVROXWH VHQVH EXW UDWKHU FRPSDULVRQ





EHLQJ WHVWHG LQSLORWSURMHFWV UHODWLQJ WRERWK URDG LQIUDVWUXFWXUHDQGZDWHU LQIUDVWUXFWXUH7RVKRZ WKH
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SURMHFWRIDFDQDOQDWXUHDQGUHFUHDWLRQ,QWKLVSDSHUWKHVHSLORWSURMHFWVVHUYHDVDQLOOXVWUDWLRQRI WKH
SRWHQWLDOEURDGHQLQJRIWKHVFRSHRILQIUDVWUXFWXUHSURMHFWV
)LUVW RI DOO WKH$]RQHSURJUDPDLPV WR HQODUJH WKH FDSDFLW\RI RQHRI WKHPDMRU KLJKZD\V LQ WKH
1HWKHUODQGVRQVWUHWFKNPLQWKHHDVWHUQSDUWRIWKHFRXQWU\,WLVDQLPSRUWDQWFRQQHFWLRQEHWZHHQWKH
5DQGVWDGDUHD DQG *HUPDQ\ 7KH DLP RI WKH SURJUDP LV WR XWLOL]H RSSRUWXQLWLHV IRU WKH UHJLRQ WKDW
RULJLQDWHIURPWKHFDSDFLW\HQODUJHPHQWRIWKHURDG5HJLRQDORSSRUWXQLWLHVWKDWKDYHEHHQLGHQWLILHGDUH
WKHHQKDQFHPHQWRIVSDWLDOTXDOLW\DQGVXVWDLQDELOLW\DVZHOODVEHWWHUH[SORLWDWLRQRIWKHUHJLRQHFRQRPLF
SRWHQWLDO IURP ZKLFK WHQ FRUH LVVXHV KDYH EHHQ LGHQWLILHG 7KH VSDWLDO GHILQLWLRQ RI WKH DUHD WKDW LV
LQYROYHGVHHPVWREHILUVWRIDOOGHSHQGHQWRQWKHDGPLQLVWUDWLYHWHUULWRULHVRIWKHPXQLFLSDOLWLHVWKDWDUH
FRRSHUDWLQJZLWKLQWKHSURJUDP
6HFRQGO\ WKH =XLG:LOOHPVYDDUW SURMHFW FRPSUHKHQGV WKH UHDOL]DWLRQ RI D QHZZDWHUZD\  NP WR
UHSODFHDQROGHUFDQDOZLWKDQHZVHFWLRQWKDWLVVXLWDEOHIRUODUJHUVKLSV7KLVSURMHFWLVSDUWRIDODUJHU
ZDWHUZD\SURMHFWWKDWDLPVWRLQFUHDVHWKHFDSDFLW\RIZDWHUZD\V\VWHPLQWKHVRXWKRIWKH1HWKHUODQGV
:KHUH WKH QHZ VHFWLRQ RI ZDWHUZD\ SDVVHV EHWZHHQ WKH FLW\ RI µV +HUWRJHQERVFK DQG WKH WRZQ RI
5RVPDOHQUHTXLUHGFRQVWUXFWLRQZRUNVDUHH[SDQGHGE\WKHORFDOPXQLFLSDOLWLHVZLWKWKHGHYHORSPHQWRI






























7KH UHVXOWV RI WKH H[SORUDWLRQV IRU WKHVH LQWHJUDWHG LQIUDVWUXFWXUDO GHYHORSPHQWV DUH YLVXDOL]HG LQ
ILJXUHVDDQGE7KHLQLWLDWLYHIRUWKH$]RQHVKRZVDJHQHUDOLPSURYHPHQWRQDOOWKHPHVZLWKVWURQJ
HPSKDVLV RQ HFRQRPLF LPSURYHPHQWV 7KLV VHHPV WR EH LQ OLQH ZLWK WKH LQWHQWLRQ RI WKH SURJUDP WR





































LQWHJUDWLRQ ,W UHPDLQV KRZHYHU GLIILFXOW WR GHWHUPLQH WKH LQIOXHQFH RI YDULDWLRQ LQ LQGLYLGXDO VHFWRU
GHYHORSPHQWVRQWKHLQWHJUDWHGHIIHFWVRIDVSHFLILFSURSRVDO7KHUHIRUHLWUHPDLQVKDUGWRGHILQHLQZKDW
ZD\ LQGLYLGXDO WKHPHV VWUHQJWKHQ HDFK RWKHU DQG GHWHUPLQH V\QHUJHWLF HIIHFWV WKDW JLYH UHJDUG WR WKH
UHODWLRQDOG\QDPLFVWKDWDUHFRQQHFWHGWRDORFDWLRQ
6HFRQGO\ZKHQ WKHZKHHOV DUH FRQQHFWHG WRRWKHU WRROV WKDW FDQ UHODWH WKHRXWFRPHV WR VWDNHKROGHU
PDQDJHPHQW WKHUH DOVR VHHP WREHRSSRUWXQLWLHV IRU VLPXOWDQHRXV LQWHJUDWLRQ ,QRUGHU WR DFKLHYH WKLV
UHOHYDQWDFWRUVQHHGWREHLQYROYHGWRFUHDWHDV\VWHPRIVKDUHGEXGJHWVUHVRXUFHVDQGWDVNDOORFDWLRQLQ
UHODWLRQWRRSSRUWXQLWLHVIRULQWHJUDWHGIXQFWLRQDOGHYHORSPHQW
)LQDOO\ WKHRSSRUWXQLWLHV IRU VHULDO LQWHJUDWLRQ LQ WKHSURFHVVRI UHDOL]DWLRQ VHHP WREH OHVV GLVWLQFW
VLQFHWKHLQVWUXPHQWGRHVQRWH[SOLFLWO\UHODWHFRQVHFXWLYHUHDOL]DWLRQSKDVHV7KHLQVWUXPHQWLVILUVWRIDOO
IRFXVHGRQGHYHORSPHQWVLQWKHHDUO\±IURQWHQG±SODQQLQJSKDVHV




DSSHDUV WREH UDWKHUYXOQHUDEOH WRYDULDWLRQV LQ VSDWLDO VFRSH ,QIUDVWUXFWXUHSODQQLQJKDVD W\SLFDO OLQH
RULHQWHGQDWXUHZKLOHSODQQLQJIRURWKHU ODQGXVHIXQFWLRQV LV W\SLFDOO\SODFHERXQG&RQVHTXHQWO\ WKH
HIIHFWVH[SHULHQFHGRQGLIIHUHQWWKHPHVPD\EHUHFRJQL]HGRQGLIIHUHQWOHYHOVRIVFDOHHJHFRQRPLFRU
WUDQVSRUW HIIHFWV RIWHQ KDYH D VSDWLDOO\ ODUJHU LPSDFW WKDQ VRFLDO RU HQYLURQPHQWDO HIIHFWV ZKLFK DUH
H[SHULHQFHGPRUHORFDOO\$QLVVXHWKDWQHHGVWREHH[SORUHGWKHUHIRUHLVZKHWKHUWKHVSDWLDOVFRSHRID
SURMHFWRUSURJUDP IROORZV IURPULJLGDGPLQLVWUDWLYH MXULVGLFWLRQVRU WULHV WR OLQNXSZLWKDQRSWLPL]HG
IXQFWLRQDOVFRSH5HJDUGLQJ WKLV LVVXH LWVHHPVDGYLVDEOH WR WDNH LQWRDFFRXQWFRQVLGHUDWLRQVRIDXWKRUV
VXFK DV+HDOH\ RQ WKH WKHPH RI UHODWLRQDO G\QDPLFV DQG FRPSOH[LW\ RU%UHQQHU RQ WKH
WKHPHRIQHZOHYHOVIRUSODQQLQJLQWHUDFWLRQ,WVHHPVLPSRUWDQWWRGHILQHWKHVSDWLDOVFRSHLQUHODWLRQWR






SURFHVV DQG RQ WKH VXEVHTXHQW H[SORUDWLYH VWXGLHV EHIRUH WKH SUHIHUUHG DOWHUQDWLYH GHFLVLRQ DQG
FRPSOHPHQWDU\ EXGJHWDU\ DOORFDWLRQV VHH DOVR ILJXUH  ,PSOHPHQWDWLRQ RI WKH LQVWUXPHQW LQ WKHVH
SKDVHV DOORZV IRU WKH QHFHVVDU\ VWUDWHJLF IUHHGRP WR VHULRXVO\ FRQVLGHU GLIIHUHQW FRQFHSWXDO VROXWLRQV
)XUWKHUPRUH E\ GLVWLQJXLVKLQJ EHWZHHQ GLIIHUHQW HDUO\ SKDVHV ± SUH DQG SRVW VWDUW GHFLVLRQ ± WKH
µ2PJHYLQJVZLM]HU¶ DOORZV IRU PRQLWRULQJ RI FRQVLVWHQF\ RI HDUO\ SODQV ± DJHQGD VHWWLQJ ± DQG ODWHU
SURSRVDOV VXFK DV WKH SUHIHUHQWLDO VROXWLRQ (DUO\ VWUDWHJLF FKRLFHV RIWHQ RQ UHJLRQDO GHYHORSPHQW







EHWWLQJRQZKDW LV RIWHQ UHIHUUHG WR DV DUHDRULHQWHGSODQQLQJRU DUHDGHYHORSPHQW URDG LQIUDVWUXFWXUH
ODQGXVHLQWHJUDWLRQLVEHFRPLQJDFRUHWKHPHLQWKHVXVWDLQDEOHSODQQLQJGHEDWH+HHUHV7LOOHPD	$UWV
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DQGOLQNVWRPRUHKROLVWLFWKRXJKWVRQVXVWDLQDEOHGHYHORSPHQW,QWKLVSDSHUZHKDYHH[SORUHGWKH
IXQFWLRQDOVSDWLDO GLPHQVLRQV RI URDG LQIUDVWUXFWXUHODQG XVH LQWHJUDWLRQ DV D PHDQV WR SURPRWH
VXVWDLQDELOLW\ LQ URDG LQIUDVWUXFWXUHSODQQLQJ ,QRUGHU WRGRVRZHKDYHXVHGH[SHULHQFHVJDLQHG IURP
SODQQLQJSUDFWLFHE\IRFXVLQJRQDQHZO\GHYHORSHGVXVWDLQDELOLW\LQVWUXPHQWFDOOHGµ2PJHYLQJVZLM]HU¶
,W DSSHDUV WKDW ZLWK UHVSHFW WR WKH VXEVWDQFH RI SODQV DQG GHVLJQV HVSHFLDOO\ EURDGHQLQJ RI WKH





HQJDJH LQ TXDQWLILFDWLRQ RI WKH YDOXH RI WKHVH V\QHUJHWLF HIIHFWV &XUUHQW LGHQWLILFDWLRQ RI SRVVLEOH
V\QHUJLHVUHPDLQVRQWKHOHYHORILGHQWLI\LQJRSSRUWXQLWLHVZKLFKLVDOUHDG\DILUVWOHDSIRUZDUG
'XH WR WKH HPSKDVLV RQ IXQFWLRQDO VFRSH SODQQLQJ SUDFWLFH VHHPV WR EH OHVV IRFXVHG RQ WKH VSDWLDO
VFRSH $OWKRXJK WKH DSSOLFDWLRQ RI WKH µ2PJHYLQJVZLM]HU¶ KDV VKRZQ XV WKDW GHILQLWLRQ RI WKH VSDWLDO
VFRSHLVDQLQIOXHQWLDODVSHFWLQLQWHJUDWHGDSSURDFKHVWKLVLVVXHGRHVQRWWDNHDQLPSRUWDQWSODFHLQWKH






DQG RWKHU ODQG XVH IXQFWLRQV DUH SURFHVVHV RI LQWHUDFWRU FROODERUDWLRQ 7KH DSSOLFDWLRQ RI LQVWUXPHQWV
VXFKDVWKHµ2PJHYLQJVZLM]HU¶SURYLGHVDQH[FHOOHQWRSSRUWXQLW\WREULQJUHOHYDQWVWDNHKROGHUVWRJHWKHU
E\ PDNLQJ D FRQQHFWLRQ EHWZHHQ VXEVWDQWLDO DQG RUJDQL]DWLRQDO FRQVLGHUDWLRQV &RQVHTXHQWO\ WKHVH
VWDNHKROGHUV PXVW EH LQGXFHG WR DFWLYHO\ LQYROYH WKHPVHOYHV LQ LQWHJUDWHG SODQQLQJ SURFHVVHV 7KLV
UHTXLUHV WKH FUHDWLRQ RI LQFHQWLYHV DQG HIILFLHQW V\VWHPV RI FROODERUDWLRQ HVSHFLDOO\ ZKHQ WKH RYHUDOO
LQWHJUDWHG EHQHILWV DUH FOHDU EXW EHQHILWV RI LQWHJUDWLRQ IRU LQGLYLGXDO VWDNHKROGHUV UHPDLQ GLVSXWDEOH
7KHUHIRUHWKHRUJDQL]DWLRQDOVLGHRIWKHLQWHJUDWLRQRILQIUDVWUXFWXUHDQGODQGXVHSROLF\DUUDQJHPHQWLVDQ
FKDOOHQJLQJGLUHFWLRQIRUIXUWKHUUHVHDUFKLQVXVWDLQDEOHURDGLQIUDVWUXFWXUHSODQQLQJ
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